Background -It has recently been shown that large tidal volume ventilation accelerates the alveolar clearance of insoluble particles and this may be related to accelerated surfactant evacuation from the alveolus into the airway. The aim of this study was to investigate if the effect of large tidal volume ventilation is modified in an experimental model of surfactant dysfunction. Methods -Fluorescent latex particles of 0 63 4um diameter were administered in aerosol form to 30 rabbits during anaesthesia with thiopentone and mechanical ventilation. Six animals were killed immediately after aerosol administration in order to show the initial deposition of particles. Twenty four animals were divided into two groups and ventilated for three hours with either large tidal volume (mean tidal volume 30 ml/kg)
Background -It has recently been shown that large tidal volume ventilation accelerates the alveolar clearance of insoluble particles and this may be related to accelerated surfactant evacuation from the alveolus into the airway. The aim of this study was to investigate if the effect of large tidal volume ventilation is modified in an experimental model of surfactant dysfunction. Methods -Fluorescent latex particles of 0 63 4um diameter were administered in aerosol form to 30 rabbits during anaesthesia with thiopentone and mechanical ventilation. Six animals were killed immediately after aerosol administration in order to show the initial deposition of particles. Twenty four animals were divided into two groups and ventilated for three hours with either large tidal volume (mean tidal volume 30 ml/kg) or conventional ventilation (mean tidal volume 12-5 ml/kg). Six rabbits in each of the two groups were administered either the synthetic detergent dioctyl sodium sulphosuccinate in aerosol form or aerosolised vehicle. After the period of experimental ventilation the lungs were removed and dried in the expanded state. Particles in the alveolar region were counted with fluorescent microscopy in sections of the lung. Results -Compared with the baseline group (mean (SD) 24-8 (9 9) ) the count of residual alveolar particles was lower after large tidal volume ventilation in the absence of detergent aerosol (13-2 (6 5)).
Particle count after large tidal volume ventilation and detergent treatment (23-3 (6 4)) was similar to that in the baseline group and to that in the groups exposed to conventional ventilation. Conclusions -The increase in alveolar clearance of insoluble particles caused by large tidal volume ventilation is inhibited by detergent aerosol. This might be due to reduced stability of the surfactant film after detergent aerosol.
(Thorax 1994;49:147-150) Retention of inhaled particles for prolonged periods in the pulmonary parenchyma is important in the development of pneumoconiosis. Clearance of insoluble particles from the alveoli is considered to occur over a long time lasting from months to years. The biological processes involved in this slow transport of alveolar particles into the proximal airway include the proximal movement of both the alveolar macrophage and the fluid film lining the alveoli.12 We have recently shown that large tidal volume ventilation (LTVV) increases the rate of clearance of insoluble particles from the alveoli.3 Increased evacuation of alveolar surfactant into proximal airways45 might be important for this accelerated particle clearance during LTVV. The surfactant film is believed to spread from the alveolus to the airway along the surface pressure gradient6 which would transport isolated embedded particles7 or phagocytosed particles within macrophages. Impaired film motion or surfactant dysfunction could theoretically lead to prolonged alveolar retention of insoluble particles. The object of this study was to investigate whether surfactant dysfunction affects the accelerated transport of insoluble particles from the alveolus observed during LTVV. The clearance of insoluble fluorescent particles from the alveoli was studied in mechanically ventilated rabbits. The animals were ventilated with large or small tidal volumes, with or without surfactant dysfunction induced by administration of the detergent dioctyl sodium sulphosuccinate in aerosol form.89 Methods Thirty rabbits of mean (SD) weight 3 0 (0-5) kg were randomly divided into five groups of six rabbits each. In the baseline group the animals were killed immediately after particle administration in order to show the initial distribution of particles. Each of the other groups was designated by a composite name which identified the aerosol type and the experimental ventilation pattern as follows: (1) baseline, mean (SD) weight 3 2 (0 7) kg; (2) control-CV (vehicle aerosol with conventional ventilation), 2-9 (01) kg; (3) control-LTVV (vehicle aerosol with LTVV), 3 2 (0 7) kg; (4) detergent-CV (2% dioctyl sodium sulphosuccinate with conventional ventilation), 2-9 (0 2) kg; and (5) detergent-LTVV (2% dioctyl sodium sulphosuccinate with LTVV), 2 7 (0 2) kg.
ANAESTHESIA
Anaesthesia was induced with an intravenous bolus dose of 17 5 mg/kg thiopentone and maintained with an infusion at the rate of 1 25 mg/kg/min. The animals underwent tracheostomy and a neuromuscular block during ventilation was maintained with 0 03 mg/kg 4John, Wollmer, Dahlback, _Jonson pancuronium bromide administered half hourly. A femoral artery was cannulated for blood sampling and blood pressure monitoring.
EXPERIMENTAL PROTOCOL Expired volumes, airway pressures, and blood gases Airway pressures, expired volume, and arterial blood gas tensions were measured in all animals while being ventilated in the pressure control mode of the Servo Ventilator 900C (Siemens Elema AB, Sweden) at a rate of 40/ min. The ratio of inspiratory to expiratory time was 1:2 and the positive end expiratory pressure (PEEP) was 2 cm H20. Inspiratory airway pressure (PINSP) was initially set so that tidal volume (VT) was 10 ml/kg. This mode of ventilation was used during preparation of the animal and during measurements of expired volumes, airway pressures, and blood gases obtained before and after a period of experimental ventilation (see below). Additional measurements were obtained during experimental ventilation. Airway pressure and expired volume were obtained from the pressure and flow transducers of the Servo Ventilator. Compliance of the respiratory system (CRS) was derived as CRS = VT/(PPAUSE -PEEP)/weight where PPAUSE was the airway pressure at the end of the post inspiratory pause period. Fluorescent There were no significant differences in arterial blood gas measurements between or within groups, before and after the period of experimental ventilation (table 1) . Compliance of the respiratory system was similar in all groups before the period of experimental ventilation. After experimental ventilation compliance was reduced (p < 0-05) in both groups subjected to large tidal ventilation, whereas it was unchanged in the groups subjected to conventional ventilation.
Pao2 and Paco2 measured during experimental LTVV was 15-7 (1-6) kPa and 4-0 (0 8) kPa, respectively, whereas during CV it was 12-0 (1 9) kPa and 3 8 (0 5) kPa, respectively. The mean tidal volume during LTVV was 30 (4 8) ml/kg, whereas that during CV was 12-5 (1 1) ml/kg.
The total number of particles in the alveoli and ducts were similar in the baseline, detergent-CV, control-CV, and detergent-LTVV groups, but significantly lower (p < 0 05) in the control-LTVV group (table 2). The difference in total particle count was mainly the result of a reduced number of alveolar particles in the control-LTVV group, the number of ductal particles not being significantly different between groups. Detergent administration thus significantly modified the effect of LTVV. All experimental groups showed a reduced number of single particles at the alveolar level compared with the baseline group. In most groups this difference was also reflected in the number of single particles in alveoli + ducts. The number of clustered particles in the alveoli + ducts was significantly higher in the detergent-LTVV group than in the baseline group.
Discussion
Clearance of insoluble particles deposited in the alveolus is known to occur in two phases;' 2 an early phase during the first weeks to months represents clearance into the airways, and the delayed phase over years represents biochemical degradation of particles by biological mechanisms. In a previous study we showed clearance of insoluble particles from the alveolus during LTVV over hours. 3 The number of clustered -that is, phagocytosed -particles was lower after LTVV than after CV, whereas the number of single particles was similar. We hypothesised that the accelerated clearance could be related to the increased evacuation of surfactant from the alveolus which is associated with LTVV. Two possible mechanisms were considered, one being the active migration of the particle laden alveolar macrophage occurring in association with movement of the surfactant film from the alveolus into the airways during LTVV. The second mechanism involved movement of single particles with the surfactant film into the airways. In this case the rate of phagocytosis of particles must also be assumed to be reduced, as the number of clustered particles was lower. Retarded phagocytosis could be related to surfactant depletion since surfactant is important for macrophage phagocytosis.'2 The present study was designed to investigate whether the effect of LTVV is modified in an experimental model of surfactant dysfunction. Table 1 Mean (SD) arterial blood gas tensions, airway pressures, and lung compliance in the five groups before and after the period of experimental ventilation Surfactant dysfunction was induced by administration of aerosolised detergent. The model has been characterised by Nieman and Bredenberg who showed that, after detergent administration, the surface activity of lung extracts is greatly reduced and the minimal surface tension achieved during film compression is increased.9 This conforms to observations of reduced surface activity seen when detergent is added to lung lavage fluid in vitro (Lachmann and Wollmer, unpublished observations). Impaired surfactant function has also been shown after interaction of oleic acid with the surfactant layer, when the surfactant film is relatively fluid and collapses easily during dynamic compression.'3 Alveolar film collapse due to an inability to withstand compression may reduce surfactant extrusion from the alveoli during LTVV.
Particles deposited in the alveolus are wetted by the surface active film7 and submerged in the fluid film. The ability of the film to wet particles is largely due to the very low surface tension achieved by the interfacial film, especially at end expiration. Thus, even particles difficult to wet are fully coated with surfactant after deposition.' The surfactant covering the particles will have the hydrophilic pools directed outwards and create a surface which will be attracted to the interfacial film. Particles could thus be dragged with the film motion towards the airways. Detergent increases the minimum surface tension of the interfacial film9 and may thus diminish the ability of the film to wet insoluble particles, which could reduce the efficiency by which the particles are transported with the film. Latex particles, however, are relatively easy to wet and, if the enhanced particle clearance during LTVV is due to accelerated clearance of single particles, the mechanism is likely to be reduced motion of the surface film rather than reduced wetting of particles.
Clustering, which indicates phagocytosis,13 was seen to an equal degree in the detergent-LTVV, detergent-CV, and control-CV groups. Phagocytosis occurred to the same degree in the detergent-LTVV group as in the groups with CV where there was a large number of particles. Present observations instead lend added credence for facilitated migration of particle laden macrophages as the mechanism for particle clearance during LTVV. However, other models of explanation are still possible. One may, for example, speculate that detergent influences the properties of surfactant related proteins which are of importance in the migration of the macrophage.ti
In conclusion, LTVV accelerates clearance of alveolar particles. The clearance mechanism is inhibited by detergent. Inhibition of clearance during surfactant dysfunction makes it likely that the clearance mechanism requires a functionally intact surfactant layer. The mechanism of particle clearance during LTVV mostly involves facilitated migration of the particle laden alveolar macrophage in response to the proximal motion of the surfactant film.
